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TABANDCOljTROL-WRFACE

By JackD.Brewerand

SUMMARY

El?X@TOFTABBALANCEON

c’EARAmmIcs

M. J. Quei~o

,,

.—

An investigationwasccmductodto furnishdataontheeffect
oftabbalance on tabandcontrol-mar-facecharactertsti.cs.The
airfoiltested.hada modifitiNACA652~12contourwitha plain
flaphavinga chordequalto 25 percentofthewingchordandwith
a tabhavinga chordequalto25 percentoftheflapchordand.
havingseveralnoseshapesaqdckerhanglengths.

TheresultsoftheIpvetitigat:onindicatedthat}ingeneral,
tabbalanceaffected@b hi~e+ncjmbntCharacteristicsinmuchthe
samemarinerthatflapbalance~ff~~s$lay hinge+ncmentcharacter-’ ‘“
istics. A moderateamountof mb b&lancedidnotDeemto haveany.
adverseeffectonflaphing~ nb characteristics,Transition,. --stripsplacedneartheleadi~edgeO?anairfoilreducedtheef’fec-

. tivenessof eitherplain”orbalancedtabs. Openingthe.tabgap
reducedthetabeffectiveriessjbutthereduction“oecamelessas the
tabballancewasincreased.

.Application(byem approximatemethod)oftheresultstotwo
___

typicalairp,Mneeindicatedthattheadditionof overhangbalance
tG.spring’tabswasan effectivemeansofreducingthe,controlforces
ofspring-tabailerons.Tabswithsealedinternalbalanceswere
generallylesseffectivein-reiiucin~aileroncontrolforcesthan

.

*

;abswit~round-noseoverhangsoft~?same

33TRODUCTION

Scmemeansofbalancingthe”excassi.ve
control.surfticeshavebeenfoundnecessary

balancelength.

aerodynamicforcesonthe
inthe&esignaof large

airplane~and‘higl+speedairplanes.Resultsoftestsreported‘in
references1 to 3 showspringtabstobe oneofthemosteffective
meansof obtaining:,ero$pyy@nicbalance.In
controlfwces becomequitelar~eevenwith
A spring-tab
thata 3.ar6e

analysispresentedby Gatesof
partofthecontr-olforceefor

—

scm6cases>however>the
a spring-tabarrangement.
GreatBritainindicates
spring-tabaileronsmay
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resuitfromtabhingemoments.Somedata(references4 and~)are
availableonplain-tabhingemomentsbutlittle,on?xOexwed-tah
hingemoments.Thepresenttestswereconductedinthe2*-by &foot
testsectionoftheLangleystabilitytunneltoprovidosuchtabdata
inorderto investigateth~practicabilityofusingtabbalanceto
reducecontrolforces.TheeffectsoftransitionstripEIandtabgap
onhlnge+mmentcharacteristicswerealsoinvestigated.

SYMBols

c1

c%
c%
‘Rf

‘Rt

Pf

Pt

c

Cf

Ct

c~
f

Cbt

Yf

airfoilsectionliftcoefficient

flap(oraileron)sectionhinge-moment

tabsectlonhinge+mment coefficient

, ,.

coefficient

resultantflap(oraileron)balance-pressure
ooel?ficient

(
‘fLower

)
-.pfupper.

+~er-%w~
resultsmttahWLance--pressure’ coefficient

pressurecoefficientaboveorbelowflap(oraileron)seal

pressurecoefficientaboveorbelowtabseal

ohordofbasicairfoilwithflap“andtabneutral,feet

flap(oraileron)chordfromflap(or.aileron)hingeline
to trailingedgewithtabneutral,feet

tabchordfromtabhingelinetotrailinge~e, feet

flap(oraileron)balancechord,diqlzxacefromhingelineto
a pointmidwaybetweenpointsofattachmentoffkcil)le
sealof sealedfnternalbalance,feet

tabbalancechcnrd;dtstsncefromtabhinge
edgeofexposedoverhangbalanceor to a
lmtweenpointsofattachmentof,flexible
internalbalance~ feet

distanmefromp@neof symmetryto inboard
feet

linetoleading
pointmidway
sealof sealed

endofaileron,

,

,
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distanceframplaneof symmetryto outbcardendofaileron,
feet

flap(oraileron)deflectionwithrespecttoairfoil,degrees

totaldeflectionofrightandleftflap~ (orailerons),degrees

tabdeflectionwithrespectto flap,degrees .—

angleofattack,degrees

trailing-edgeangle,degrees(Seefig.1.)

controlforce,pounds

ratiobetweenangulardeflectionofcontrol(stickorwheel)
and.ailerondeflecbiaawithepringtabfixed

ratiobetweenangulardeflectionofcontrol(stickorwheel)
endtabdeflectionwithaileronfixed

spr3ngconstant,ratioof control(stickorwheel)forceto
spring-tabdeflecti@whena31eronisheldfixsdand
airspeedis zerojpoundsperdegree

correlationfactorsdefinedon~age43 ofreference~

indicatedairspeed,milesperhour

—

.. .

.-
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Thesubscriptsoutsidetheparenthesesoftheforegoingpartial ~ ._
derivativesindicatefactorsheldconstaritduringmeasurementof
thederivatives. ,-

APPARATUSANDTESTS

Thetestsofthepresentinvestigationwereconductedinthe
2$-by &f~otte~t~ectj.oiloftheLangleystabilityt~~~el.The
m~delhadanairfoilchordof2 “feetandspannedthethroatofthe
tunnel.Photographflofthemodelinthetunnelarepresentedin
fQure 2. Thepartofthem~delforwardofthe~>percent-chord
stationwasmadeofUmflnatedmahogenyandi~danNiICA.651412
contour,butfranthe?>percen+-chordstationto thetraillngedge

-.

thewinghadflataidesformir~a traillng+dgeangleof1~.5°.
Theord~natesofthemodifiedairfoilaregivenintableX.

Themodelhada ,plalnflapconstrictedoflaminatedmahogany
witha steelcentralwebtowhicha steeltabwasattached;theflap ‘“
chordwas25 percentoftheairfoilc“hord.Thetabhada chordequal
to 25percentGftheflapchordandwasequippedwithseveralbrass
nosepiecesofvariousshapesandoverhanglengths.!i!hedigeneions
oftheflap,q~tabareshowninfigure1. Theordinateeofthetab .
ncseshapesaregivenintableII.

ThepartofthemodelforwardoftheY’j-percent-chordstation
wasattachedrigidlyto disksthatweremountedflushwiththetunnel
we11s● Clearancegapsofapproximately1/16inchwereleftbetween
thedisksand.theendsofthecontrolsurfaces. -.

Theliftonthemodelwasmeasuredwithan integratingm&cmeter;
flaphingemomentsweremeasuredwitha cali@?at6dspringbalanoe;tab
hingemomontsweremeasuredby calilmatede16ctricstraingages;and
thepressuredifferences(resultantbalancepressures)wdretiasured
byU-tubemanometers.

Allof.thetestsweremadeat a dynamic
persquaref~t. ThecorrespondingReynolds
are4.59x 10 and0.34,respectively.

Thegre&terpartofthetestsweremade

pressureof155.5pounds
&mber andMachnumber

withtransitionstrips
attached~o theupperandlowersurfacesofthemodel.Thetransition
stripsweremadeby cementingNo.60Carborundumgrainsto Scotch“-
cellulosetapeina strip~ inchwide.

.
The-tapewasattachedtothe

modelsothattheleadingedgesoftheCarborundumstriys.wereatthe
l.O-percent-chordstation. —
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Testsweremadewiththetabgapsealedandopenforthe
roundtalnoseshapes(gap= 0.C@+C). The tab gap was open for
allothertests,Theflapgapwassealedforalltests, .

CORRECTIONS

Correctionsappliedto thetestdatafortheeffectof jet
boundariesarebased’ontheequationsofreference6. Themethods
ofreference6 wereextendedinorderto obtainthecorrectionsto
flaphi~e-mornentcoefficientandresultantbalance-pressurecoef-
ficient.Theequationsusedinmakingthecorrectionswere:

c1 = 0.963cI!

Ch = ~hft+ 0,0087czf‘f

.

Primedvaluesrefertotheuncorrectedvalue.

thetunnel=wallThecorrectionsdonottakeintoaccount
boundary-layereffectsortheeffectsofthegapsbetweentheends
ofthecontrolsurfacesandtheenddisks.Theangle+f+ttack
correctiondoesnot take.intoaccountthesmalleffectoflift
reeultingfromtabandflapdeflections.Thecorrectl,onsfor
c% andfor ‘Rt were foundtobe verysmallandwere,neglected.

—

RESULTSA1’WDISCUSSION

PresentationofData ,, ,.

,

Thedataarepresentqdas plotsofairfoilsectionlift
coefficient,flapsectionhinge-arxnentcoefficient,ta~section“
hinge-momentcoefficient,andtheresultantflapbalanc+pressure
coefficientas functionsofflapdeflection,forallmodelconfi-
Wations tested,infigures3 to:lg.“Theresultantta%bamnc~
pressurecoefficientispresentedfortheplaintabonlyinfig-
ure3(il), Thesamecoefficientsareplottedagainstangleofattack L

9.

i
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I in figures.20 *O 27
obtainedfrom these

7

(for 5f =,0° and 5t = 0°). Parametervalues
fimresar6.pr&sentedintableIII. Theeffects

oftabnoseshapeand~~boverha~qlengthonthetabhinge+mment
parametersareshowninfigvres28and29. Figure30showsthe
effectoftabbalanceonflapsectionhinge-ammentcoefficient.~
Theeffectscffixi~ transitionandof sealingthetabgapontab
hinge+ucmeptrprametersareindicatedinfigure31,

, Effects

ln figure28 the

ofTabNoseShapeandOverhang

parameterschts chta 5f’ and cht&
becomemorepositiveas thenoseshapeischangedfromsha~ptoblunt
oras thetaboverhangia increased.In general,theparametersare
affectedby tabbalanceintheqannerthatSZXUHkm e~=ctedonthe
basiscfFreviouelyobtainedtestresultsfortheeffectsofflap
balanceonflaphinge-manentcharacteristics(references4, 7,and8).
Neithertaboverhangnortabnoseshape“generallyhasanyappreciable
effectontheparameters or ch Thetabhinge+cment

Chf?f - fa”
effectivenessincreasesas thetabnosestipeis.changedfromsharp
toblunt.a Increasingthetaboverhanglengthcausesthetabto
beccmemoreeffectivewiththebluntandroundnoseslmpesbutcauses
irregularresultsforthetabwiththeellipticalandsharpnose

.“ shapes.

: A correlationoftheeffectsof overhangbalancesforailerons “-
isexpressed(equations(23)and’(~) ofreference9) intermsofa
factorF1 relatedto overhanglengthanda factorF2f related
tobalancenoseshape.Therelationsofthesefactorsto thegeometry
ofthebalancearegiveninreference9. Thecorrelationhasbeen
appliedtothetabbalancesofthepresentinvestigation andthe
resultsareccmparedwiththeexperimentalvqluesofthe&rameters

C%a and cht Thecomparisongiveninfigure~9 showsthat
,, .. 6~” .

applicat.icmofiheeorre~tion,in itspresentform,to tabsresults
inoverestimatingtheeffectsofthe-balancesontabhingemoments.

, Thepooragreementbetweenthepresentexperimentalresultsandthe
correlationprobablyiscausedby thelargediff@encebetweenthe.“
tab-chordratio(c

t
= 0.06c)ofthepresenttestsahdtheallercm-

chord-rat.iorange cf = 0.1550to 0.30c)usedindevelopingthe
correlation.Symbo~representingdiffe~eut-hoseshapesforconstant
‘overhanglengthsandpymbolsreprese~’tl~d.ifferen%overhanglengths
forconstantnosesh6pes~al~close,however;tothesageline.This
agreementindicatesV&t therelativeimportanceofnoseshapeand
overhanglengthisgivenaccuratelyby”thepresbn~correlation.There-
fore,thecorrelationgiveninreference9 canposstblybe madeto

—
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applytoalmostanycontrol surfaceor tab If“factore”relatedto
thechordratio’wereusedinadditionto thefactoraFl and )?21.

,. .,
Fi~ure30,aplot of.,flapsectionhinge+ncmentcoefficient

againstflapdeflectionforvarfousratiosoftabdeflectionto flap
deflectionshowsthattheTresenceofa round-tabbalanceofO,~ct
lenflthdoesnotgreatlyaltertheeffectofthetabontheflap
hingemoments.Becausea ratherextremetabbalancewasusedfor
thisccauparison,tabbalance,apparently,ianotlikelytohaveany
seriousadverseelfectsonflap.hinge-mcmentcharacteristicsfor
practicalinstallations.

.. EffectsofTransitionStripsandTahGap .

Theeffectsoffixingtransitionandof sealingthetabgapon
hinge+ucunentpar-meters areshowninfigure31. Placingtransition
stripsat theO.OICstationcause~allthehinge-mcm,entparameters
‘eXcoptcht- tobecomelessne@tjvethantheywereforthecondition
oftransitim%stripsoff;ch becomeslesspositive.t~

Openingthetabgapcauses‘%fa and chfbf tobeccmeless

negativebut-generallyhaslittleeffecton
C%a’ %~f’ and

Cht Thetab-effectivenessparameter
bt‘ C%t becomeslessnegative

whenthetabgapisunsealed,butthechangeismuchlessfora
balancedtabt@m fora plaintab.

..

Applicati~nofDatatoTwo

TypicalAirplanes

In orderto illustratetheeffectsoftabnoseshapeandtab
overhanglengthonaileroncontrolforces’,thehinge-momentdata
obtainedinthepreeentinvestigationwereappliedtotwotypical
airplaneshavingthecharacteristicslistedintableIV. Airplane1
isa typicalf’ighter-t~eairplaneandairplane2 isa typicallarge
(transportorheavybomher)airplane,Theaileronswereassumedto
be equippedwithspringtabshavingvariousspringstrengths,~

,,

Thecontrolforceperdegreeaileron.deflect.ionwasestimated
foreachofthetab-noseconfigurationsandforseveralassumed
aileronbalancesat anassumedindicatedairspeedof300miles .

,perhour.
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Theprocedureusedforestimatingtheaileroncontrolforces
isnecessarilyapprox&testncethecalcul.i%ionsarebased.ontvo-
dimen+.onal.data.Reliableaspect-ratiocorrectionsfoYthehinge-
momentparametersofyxrtial-spancoritrolsurfacesorfortabshave
notbeendeveloped.A qualitativeindicationoftheeffectsoftab
noseshaDeandtaboverhsnglengthoncontrolforcesisbelieved,
howevei?,tobe obtainableby rmglectingallaspect+atiocorrections
to thehin~e-momentparameters.A correctionmustbe a~plie~to the
airfoil.sectiontab-effectivenessyemmeter

chf8t’
however,when

thetabspanislesst+p,thea~leronsyan.Thetabco&rela%ion
giveninreference9was,used.to evaluatethiscorrection.On the ‘
basisof’thisassmnption,calc~kionsofthecontrolforceyer
degreea$leiondeflectionhavebeenmadebymeansof equation(40) ~~
ofreference”“9.Becauseofthelimitationsofthemethodthathave .
beenpointedout,theabsolutevalues-ofthecontrolforceper
degreeailerondeflectionare”not”corisideredtobe ofmuchsignificance,
butthetrendsindicated.”byvariationi“nthetabcon?igmationare
%elievedtobe reliable.Thehi&e%omentparam&ersofailerons“
ortabswithse~ed internalbalanceswerecalculatedby methods —

describedinreference10by useoftheh!nge-momentparametersof
plainsealedaileronsandtabsandthe’resultantbslance-pressure
parameters.Theresultsofthecalculationsarepresented.in
figures32and.33asplotsofcontrOlforceperdegreeaileron
deflectionagainsttaboverhanglen~h forthenose&hapes”tested‘
andforseveralassumedvalues,of aileron.bale.nce~ spring..strength.
Figure32presentstheresultsobtainedforairplsmeland’figurg33 .’”<
presentstheresultsobtatnedforairplene2;

.-—
In’gener.&,‘increasingthetaboverhanglengthorthe’bluntness“- ‘–

ofthetabnoseshapedecreasesthecontrolforce.“Therestits.
presentedinfigurek32and33hevebeensummarj.zedin~igurg34,
whichshowstheratioofcontrolforcewitha balancedtabto control
forcewitha.plalntabplotteda@_n@ springconstantfen?.,varirnm
valuesofaileyqnl+lance.Figure.34shcwsthatthebffectivenese.,
ofthetabbalanceinreducing”controlforceispracticallyfide-
pendentofaileronbalanceandthattheeffectivenessdecreasesasthe
valueof k3 increases.Thegreatestpercentofreduction-occurs
fortheservotab(k3 .=0). ,.

Calculationsweremadeof,thecontrol forcesforseveralAss-a
sealedinter&lbalancesonthetabby usinstheplaintabdataandthe
tabbalanceprebsures.Theresultsam plottedin fi~e 35. Control-
forcecurvesobtainedfromfigures32and33forthetabswithround-
noseover-s areincludedinfigure35forcomparison.Irigeneral, “
thecontrol’foficek;for”asetid Internallylxhmcedtabwitha“p~—
noseaxegreater”theai.fo%a tabwitha roundnoseoverhangofthe’sae
balencelength.
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Figure36showsthevariationofcontrolforceperdegree
ailerondeflectionwithairspeedforvariousaileronandspring-
tabbalanceconditionsandindicatesthegreatreductionincontrol
forcepossiblewithbalanceds:ringtabsthroughoutthespeedrange.

Alloftheforegoingcontrol-forceresultewerecalculatedby the
comparativelystiplemethodgiveninreference9,whichassumes
linearvariationsofaileronandtabhinge+mmentcoefficientswith
aileron deflection,spring-tabdeflection,andangleofattack.A
moredifficult,butmoreaccurate,methodconsideringtheactual
nonlinearaileronandtabcurvesisgiveninreference1.1.In order
to checkthevalidityofthecontro3,-fmce resultsobta~nkdby the
linearmethod,a plotshowingtheeffectoftabbalanceonthe
variationofc6ntrolforcewithafleron deflectionispresentedin
figure 37, as determinedby references9 and11. Althoughdifferences
inthetwosetsofresultsexist,especiallyat largeailerondeflec-
tions,figure37showsthatthetrendsindicatedby theresults
obtainedfromthelinearm@hod arereliable.

CONCLUSIONS

An investigationwasconductedinthe2~-by &foottestsection

oftheLangleystabilitytunnelofa two.-dlmenslonalwingmodel
havinga modifiedNACA651-CMcontourwitha plainflaphavinga
chordequalto25Qercentofthewingchordandwitha tabhaving
severalnoseshapesandoverhan~lengthsandhavinga chordequalto
25percentoftheflapchord.Theresultsoftheinvestigationand
theapplication(byan approximatemethod)oftheresultstoaileron
control forces indicatedthefollowingconclusions:

1. In general,tabhinge+mxnentcharacteristicswereaffected
by tabbalanceInmuchthesamewaythatflaphi~-e+~entcharac-
teristicsareaffectedby flapb&lance.

2. A moderateamountoftabbalancewouldhave’noadverse
effectonflaphinge-momentcharacteristics.

3* Thetabeffectivenessdecreasedwhentransitionstripswere
placedneartheLeadtngedgeoftheairfoil.Openingthetabgap
reducedthetabeffectiveness,’butthereductiondecreasedas the
tabbalanceincreased. ..

k. Theadditionof overhangbalanceto springtabs”~san
effectivemeansofreducingthecontrolforcesofspring-tabailerons.

.

*

.

.

.

-..
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;~~~Tabswithsealedinternalbahncesweregenerallyless
effect:veInreducingaileroncontrolforcesthantabswithrouni-
noseoverhangsofthesamebalancelength.

LangleyMemorial.AeronauticalLaboratory
NationalAdv;soryCommitteeforAeronautics

LangleyField,Vs.,June10,1947
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TABLEI

O~INATESFORMODIFIEDNACA651+2 AIRFOIL

[Stationandcrdimtesinpercentairfoilchord]

13

Station

o
1.25
2.50
5.00
7*5O

10.00”
15
20
25
30
40
50
6(-
70
75
80
83
90
95
100

Ordinate

0
1.39
1.88
2.61
3.17
3.65
+.40
4.97
5.41
5.7’2
6.00
5.76
4.94
3.74
3.06
P.46
1.87
1.29
0.69.
0.10

L. E. radiue:1.00

NATIONALADVISORY
COM?KITTEEFORA~ONAwlCS
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TABLEII

ORDINATXSOFTABNOSESHAPES

(Stationandordinatesinpercentairfoilchord;stations
L.

Station

o
.063
.~~5
.208
.313
;:g

.‘[92

.938
1.146
1.334
L.563
1.771
1.979
~,1~
2.396
2.8Q
3.U5

measuredfrom~orwardend.ofoverha~]

Ordinatee

0.3~ct overhang 1 0.50ct overhang

IIBlunt Round Elliptical
nose nose nose

o
.51.9
.75}+
.8y’j
,958

1.020
1.020
1.003
.985
.961
.936
.912
.887
,86?
.838

0
.344
.475I
.6041
.713
.925
.908
.95’7
.974
.961
.936
.g~?
.887
.862
.838

0
.227
.322
.406
.489
.579
.658
.713
●739
.807
,838
.856
.862
.856
.838

II

ISharpRound Ell~ptical
nom

* o
nose

o
:086 .361. .191
.110 ● 503 .275
.141 ,635

●355
.181 ●7?7 .431
.236 .915 .515
,299 *975 .591
.362 1.cj5 .652
.418 1..C53 .697
.497 1.972 *750
.578 1.G47 .792
.655 1.c@2 ,824
● 733 .9?8 .849
.813 .;~~ ●856
.8~8 .948 ,871

I
● !W4 .079
.?;6 .865
.R_@ .838t— .....———.... ——

:;J2TUm24mFLmR-1
~6~flfi~~’FoR~~o~fi

sharp
nose

0.063
.078
,094
.116
.142
.179
,~~z
.264
.301
● 355
.408
.434
.514
.567
.62G
.673
*779
,838

TICS

.

‘i .

— —
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PARNmm TALLmrcFlmmFLEn - %.-0% ~ - 0.2% PIAP m Vmom o.25rq Tm3

T0% 0’%T%=“%
—

%,,

—

‘%%@

o.13b

.35

.50

Bnlame

now
alqe

!lwlOi-
;im
Itrip

0%

—
).02+2
.021
.014
.o16

04% ~%a

—
).cdl
.W
.CQ6
.030
—

.02h

.025

:2

:%
.026
—

.028

:%
;%

.&

‘R%t

—

).014
.Olj
.O11
.O1o
—

,012
.Oul
,CO.3
.O1.1
.W
JX6
,006
—

SW
.012
.OIJ
.O1o
.009
.20>

“%,

TO.oml 41.0212
.0023 -.W’Q6
o
.mc.s %?&TI.lLg 0.0%

.MY3 .063

.lw .053
-w .o@

Plain

Plaio
Plain
mill

cm
off

?ff

4.0025
-.@w
-x022
-Jx7r

O.ooea
-.0U9
-,00!?4
-.olm

000U5
-.0130
-.@
-.olm

.oScrn
-.W
-.m12
.,mfM

I.(X!4
.Ilq

Blurt
,Rmlli
Bcw!d
Rom’i

Ilipthl 4
.Io6
.w
.I12
.m

:2
.W

.W

.W

.lok

-.m&
-.m
-cm
-Jx19
-.@@
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GEOMEfRIC CWWTEREITCS OF TYPICAL AIRPLM=

Airu Ulnel
Control+tick length w ccntrcl-wheel radiua, r, feet . . . . . . . . . . . 1.33

Ratioofccmtrol(sticknrwheel) daf lectlcn to ailercm defl.ectia, kl . . 1.00

Ratio of control (stick or wheel) deflectiontotabdeflectlcn,~ . . . .-.333

A~leroaspan,ba,fret... . . . . . . . . . . . . . . . . . . . . . . . 9.85

Rcataean+quare alLs’onchotij ~a, feet . . . . . . . . . . . . . . . . . 1.42

W@8pan,b,f eat...... . . . . . . . . . . . . . . . . . . . . . . 49.0

Iiingarea, &taquarefoot. . . . . . . . . . . . . . . . . . . . . . ..W
,

Tabspan, bt, feet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.38

llout-maan-aqua retabchord,~t, feat . . . . . . . . . . . . . . . . . . . 0.354

w~%aspctratio,~..... . . . . . . . . . . . . . .. . . . . ...6.0

Locationof~nticardendofaileron,~ . . . . . . . . . . . . .....0.5&
b/2

Locatlm ofoutbcerd end of aileron, ~ . . . . . . . . . . . . . . . . 13.966
b/2

Uingtqerr atlo,l . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.25

Weight, pounds ..,..... . . . . . . . . . . . . . . . . . . . . ..13JW

MATIORALADvmoRY
CcMmTEEF’mAmoRAuMcs

. . . .

AI?3Jlane 2
0.73

I.o.oo

-3.333

24.40

4.25

130

2816

8.o

1.06

6.0

O.m

Q.975

0.45

80,000

. .
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NACA TN No. 1403 Fig. 2b

(b) Front view. a = -lOO;5f= -15°; 5t = 20°.

Figure 2,- Concluded.
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Fig.21 NACA TN No. 1403
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Fig. 23 NACA TN No. 1403
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Fig. 27 NACA TN No. 1403
.

,8

.6’

..4

.2

0

72

-/2 -8 -4 0 4 8 /2
Ang/e of ufluck, a, deg

*

.08

+?.04,Q

.



NACA TN No. 1403
.

Fig.28

8

.

●

*

s

.004

0

X294

-–– ––- [ou~d
— tzjphctz.

@94— -- — J%p

C?l$+

-.0% d — -—- —-

-.0/2

‘~—--—
-“:004

0 ./ .2 .3 4 .5

—.

- .-..

—



Fig.29

Jj’f771k7/
o
0

D

D

.0!2

.008

.d%

o

-’---- co/7ie/b7%??7aA7,//eYz2nUh7bof
%7%%’ Q,cf=a/scZ50.30C

/
/ —

0
— , /“-’ .-.

// —
//

/
0

/
/ “

, /
/ NATIONAL ADVISORY

, “
/ COMMITTEEFORAERDNAUTI&

-— .

(/) .(22 .04 .06 .08 Jo ./2
~~’

.

●

-

.

.-

.

m



.

.

TN No. 1403 Fig.30

T

I

-% ,0
1

72 I I I I I I I I I I I* I
I I I \‘ +/.0

./

0

-./

-2

:3

NACA

a3=-m
-4 -30ziJ-q=m5cf-Jj.,,j~~”~,,i ‘h\\“

COHMlttEE FORAERONAUTICS

-T —



Fig.31 TN No. 1403NACA

o -----.....—-——

‘z&f 7004 / yx
,/.

H ~
/ -

WC5’ ..:.-–-.—... .

—

.

—

-. .Wv

o ~&f—,--- -----—
--”

- 7CW

.Gw7

%,%—— —. ————,_ ~
+!!2

~ .

2’25 Tmzw..ti
gq JZ+%5- 1 +!!0”

C2m#’c A?%@c

1-‘-‘ -~ +‘‘L+-,~,~Q ..._.. . ... .
-— ___ _ _.

—
-. !/..

.,, . .

l“--=F_J.hFF- ‘=
--- 0

—-----.-,-.—.= V/&--———__-___ _-—-. — -- -.GW4
1? ./ ,2 .3 .4 .15-



M

;8

,450

B

o

0 ./z’ Af.+..T

t

‘4+f
(0) ,0,,,

● ✎

,,

C4Y

F
%

I



-.5

D-l------yti,
~ --—J%&p

~ - ---}

I ! l_l-T
9 ./ .2 .,? .% ..5

c@

‘),C &,Lo.

0,50

.

LJ!
.
m
N
c1
“Q

z
~
2=



o

-+ “

“.

+/4=

4? @M)

.

b-

/2

8

4

0

0.f.2.J .4.5

~
(h) :3. L

L7LZ(fiuad

am

CwO

,.

I

.

1+

a
z

g3’

g!
.
w
cd
PJ
“6

1

I



“4

8

4

0

@o

-4

f~a- Gv&.v!!

. d .“

J 1 , .,,,”,.’. 11, ‘i; ,II

I I I I I ! ! I I I I I

o f .2 .3 .+ .5

($?pdo .

1.

f, .! II



Cq45/
— Q/2
-----(W
— -0.40



-/

o ./ ,2 .3 ,% .5

Fglwe3x-a!m?w!! O>the Wz7hofl 6??&k# WW%’c~cf 7$7-uJ’%z4’ui7g7okb7*rz7g..-’ ~MRy

7% buhz-WJ. 7%7.27% &y2s u+(2i7e;& ,LO; E JtW mlk~per Ax.. Mm mMKWJTbx

“ ● u. .

I



NACA TN No. 1403 I?@.36

1/

/??/n+77&z!!
/

/
{/ ‘ / / -

w
/ ‘ .~‘ / -

/“
/ / “

— -
/ -

I I 1 I I I I I I I I I I I 1 I I

! 1 1 I I I I 1 I I I I I I I I I 1

‘o Xn? 3m
h!k277%’LYqa%’c?.K /flp?




